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Materials and methods
All reactions were carried out under an atmosphere of N2 using standard Schlenk techniques unless otherwise noted. All solvents were distilled prior to use by conventional methods. Complex 1 and cage Fe4(Zn-L) 6 (see Chapter 4) were prepared according to literature procedures. [1, 2] The supporting electrolyte nBu4NPF6 was prepared from saturated solution of KPF6 and nBu4NBr in water and recrystallized from hot methanol and dried under vacuum at 80 °C overnight. The acid HNEt3PF6 was prepared following a literature procedure. [3] All other reagents were purchased from commercial suppliers and used without further purification. 1 H NMR spectra were recorded on a Bruker AV300 and AV400 spectrometer and they are referenced to the solvent residual signal (5.32 ppm for CD2Cl2 and 1.32 ppm for CD3CN). 2D 1 H-DOSY spectral data were acquired with temperature and magnetic gradient calibration prior to the measurements, and the temperature was kept at 298 K during the measurements.
NMR spectroscopy
Mass spectrometry
High resolution mass spectra were collected on a HR-ToF Bruker Daltonik GmbH (Bremen, Germany) Impact II, an ESI-ToF MS capable of resolution of at least 40000 FWHM, which was coupled to a Bruker cryospray unit. Detection was in positive-ion mode and the source voltage was between 4 and 6 kV. The flow rates were 18 uL/hr. The drying gas (N2) was held at -35 °C and the spray gas was held at -40 °C. The machine was calibrated prior to every experiment via direct infusion of a TFA-Na solution, which provided a m/z range of singly charged peaks up to 3500 Da in both ion modes.
Steady state UV-vis and IR spectroscopy
Steady state UV-Vis spectra were acquired on a single beam Hewlett Packard 8453 spectrometer in a quartz cuvette with a path length of 10 mm using the solvent as a background. For the determination of the binding constant, a solution of Fe4(Zn-L) 6 kept at a constant concentration of 7.7 µM was titrated with an increasing concentration of 1. The obtained titration curves were then fitted to a 1:2 host-guest model using a Matlab script. [4] Steady state IR measurements were conducted on a Thermo Nicolet Nexus FT-IR spectrometer in a CaF2 IR cell.
Steady state fluorescence spectroscopy
Steady state fluorescence spectra were recorded on a Spex Fluorolog 3 spectrofluorimeter, equipped with double grating monochromators in the excitation and emission channels. The excitation light source was a 450 W Xe lamp and the detector a Peltier cooled R636-10 photomultiplier tube. In a fluorescence quenching titration, a solution of Fe4(Zn-L) 6 kept at a constant concentration of 0.8 µM was titrated with an increasing concentration of 1. Inner and outer filter corrections were applied for each titration point on the excitation wavelength (550 nm) and the emission wavelength (640 nm) with b = 0.5 cm: The obtained titration curves were then fitted to a 1:2 host-guest model using a Matlab script. [4] Time-resolved fluorescence spectroscopy Time-resolved fluorescence was measured with a time-correlated single-photon counting (TCSPS) setup. A cavity dumped DCM dye laser (Coherent model 700) is pumped by a mode-locked Ar + laser (Coherent 486 AS Mode Locker, Coherent Innova 200 laser). A microchannel plate (Hamamatsu R3809) was used as the detector. The overall response function (IRF) was measured from the Rayleigh scattering of colloidal silicon dioxide. The fluorescence decay times were obtained by fitting the fluorescence decays with mono-or biexponentials by numerical iterative reconvolution with the software Igor Pro 5.
Time-resolved IR spectroscopy
Time-resolved IR spectroscopy was measured as previously described. [1] Two commercial beta barium borate (BBO)-based optical parametric amplifiers (OPAs; Spectra-Physics OPA-800C) were pumped by a Ti:sapphire laser (Spectra-Physics Hurricane, 600 μJ) at a repetition rate of 1 kHz. IR probe pulses were generated by difference-frequency mixing signal and idler from one of the OPAs in a AgGaS2 crystal. The visible pump pulses (585 nm; pulse energy, 2.2 μJ) were generated by doubling the signal of the other OPA. The delay positions were scanned by mechanically adjusting the beam path of the UV pump using a Newport ESP300 translation stage. The sample cell with CaF2 windows spaced 500 μm apart was placed in the IR focus. From the full width at half-maximum of the pump probe cross-correlation function, a temporal resolution of 200 fs was obtained. A custom-built 30-pixel mercury cadmium telluride (MCT) detector coupled to an Oriel MS260i spectrograph was used to record the transient spectra by subtracting nonpumped absorption spectra from the pumped absorption spectra. The sample was pumped at 3 µL/min through the cell during the measurements to ensure fresh solution at all times.
Time-resolved UV-vis spectroscopy
Femtosecond visible transient absorption experiments were performed with a commercially available Ti:sapphire lasers (Spectra-Physics Hurricane, 600 J, 100 fs FWHM). 2.5% of the 800 nm fundamental light was used to generate a white-light continuum from 350 to 850 nm by focusing on a CaF2 plate. The fundamental light used for the white-light generation was passed twice over a delay stage, providing up to 3.6 ns time delay. The sample cell was a 1 mm quartz cuvette. A commercially available beta barium borate (BBO)-based optical parametric amplifier (OPAs; Spectra-Physics OPA-800C) was pumped with the fundamental 800 nm light to generate a signal which was doubled to create 585 nm pump light (2.2 µJ). The pump light ran at 500 Hz, using a mechanical chopper to produce a non-pumped signal acting as a reference measurement. The spectra were measured using a spectrograph (Shamrock 193i with a 150 lines/mm grating) and a 6 single diode-array (Hamamatsu NMOS S3901-512Q) detector. The readout was done using fast electronics (TEC5).
Electrochemistry
Cyclic voltammetry was acquired of deaerated solutions in freshly distilled acetonitrile. The voltammograms were recorded in a gas-tight single compartment 3-electrode cell with a glassy carbon working electrode, a platinum wire as auxiliary electrode and a leakless Ag/AgCl (3 M KCl) reference electrode (Metrohm 6.0750.100). A 663-VA stand was used along with a PGSTAT302N potentiostat (Metrohm/Autolab). All redox potentials are reported against the ferrocene/ferrocenium (Fc/Fc + ) redox couple used as internal standard. In electrocatalytic studies different amounts of the acid HNEt3PF6 were added with a microsyringe into the solution in the CV cell.
Hydrogen evolution
In photocatalytic experiments 1 (0.08 mM), Fe4(Zn-L)6 (0.08 mM), the proton source and the sacrificial electron donor were transferred into a 5 mL Schlenk flask and dissolved in 5 mL degassed (freeze-pumpthaw) and dry acetonitrile. The solution was continuously stirred at 1000 rpm and subjected to irradiation by LED lights (17.5 V) at 590 nm for 2 h at 298 K. Gas chromatographic analysis of the headspace was performed by direct injection into an Interscience CompactGC, separating H2, CO, CH4, O2 and N2 on a 5 Å molsieve column, by using argon carrier gas and a TCD detector. As direct injection was used, quantification of the formed hydrogen was not possible. 
CSI-MS analysis of 1•Fe4(Zn-L)6
Estimation of the electron transfer yield
We can estimate how much of the cage porphyrins are excited by one pulse of light during TR-IR measurements. The focal area of the pump pulse is around 200 µm wide and the sample cell is 500 µm long. With a cage concentration of 0.5 mM and 6 porphyrins per cage, the number of molecules in the excited area is around 5·10 13 . The sample has an absorption of 0. cm -1 , leading to an absorption of 0.25 in the 500 µm cell. The ground-state depletion is around 0.25 mOD, and therefore 0.1% of the catalyst is reduced to the mono-anion. Dividing both ratios, we see that for each excited porphyrin, 1% of catalyst mono-anion is formed.
Gibbs free energy for photo-induced electron transfer
The Gibbs free energy for photo-induced electron transfer (GET) is obtained by using the Rehm-Weller equation [5] :
The last term of the equation is a correction factor that is needed when the photoinduced electron transfer is studied in a different solvent than in which the potentials are determined. In our case all data are measured and calculated in acetonitrile and the last term equals zero. E 0 D/D +. is the oxidation potential of the porphyrin cage, E 0 A/A -. is the first reduction potential of the diiron catalyst, E00 is the energy difference between the HOMO and the excited state from which electron transfer occurs of the porphyrin cage, e is the elementary charge, 0 is the vacuum permittivity, EC is the dielectric constant of the used solvent (acetonitrile) and Rc is the center to center distance between the donor and the acceptor pair (determined from the molecular model of the host-guest complex to be 7.5 Å). [6, 7] 0.89 V vs Comparing the two samples (with and without catalyst), it seems that they are almost the same, and the catalyst has no real influence on the bulk behavior of the porphyrins in the cage. For the time-resolved UV-vis data, it can be seen qualitatively that there is a fast (~10 ps) and a slow (few ns) decay present after excitation:
The absorption data contained a large apparent bleach signal around the excitation wavelength due to scattering of the pump pulse and long integration time of the detector. The wavelength region between 500 and 600 nm was therefore excluded from the data fitting procedure. The measured absorption data was fitted to ( ; ) = ∑ ( ) ⋅ ( ) using the Matlab function lsqcurvefit, yielding the concentration profiles cs(t) and spectra εs(λ) for all species. The concentration profiles were a function of the rate constants, but independent of the initial excited state concentration [ 1 ] 0 (since they all contain it as a pre-factor).
To be able to interpret the data, kinetic equations for the concentration time-dependence of all species was determined. Since we could not discriminate between non-radiative (IC) and radiative (f) ground state reformation, we could only determine their sum kf + kIC = kG.
For the vibrationally hot singlet excited state decay:
The (cooled) singlet excited state decay
then leads to a doubleexponential decay weighed by the rate constants as:
The concentration profiles of the triplet and ground state are weighed integrated forms of cS1(t):
where the "-1" in cG(t) accounts for the depleted ground state concentration at t=0, since all equations are normalized to 
Full system description
The general scheme for porphyrin excited state chemistry is as follows. Q-band excitation leads to population of the (vibrationally hot) singlet excited state 1 from the ground state G at time t = 0. This state then "cools" to the (vibrationally cold) singlet excited state S1 with a rate constant kIVR:
For ZnTPP the lifetime for this hot singlet state 1 is 10 to 20 ps, depending on the solvent. Next, the (cold) singlet excited state S1 decays via two pathways: radiative (fluorescence, f) and non-radiative (inter-system crossing, ISC, and internal conversion, IC). The fluorescence pathway (with rate constant kf) and the internal conversion pathway (with rate constant kIC) reform the ground state G through:
The inter-system crossing pathway forms the triplet state with a rate constant kISC:
Since these triplet states generally live for milliseconds (τT for ZnTPP in benzene is 1.2 ms), and our measurement window is only a few nanoseconds, we do not include the triplet decay in our models. 
Coordinates of xTB calculations
